Eukaryotic transcription is mediated by three distinct RNA polymerases and regulated by several sequence-specific transcription factors. Pol I and Pol III are involved solely in the transcription of non-protein coding RNAs, whereas Pol II transcribes protein-coding genes as well as noncoding RNAs (ncRNAs) 1 . To better define the Pol III transcriptome and to understand the relationship with the Pol II transcriptome, multiple research groups have now mapped the distribution of Pol III transcription factors in human cells [2] [3] [4] [5] . These data have led to the intriguing observation that there is a high degree of sharing of factors between Pol II and III, and cross-regulation between these systems may be possible.
Although the bulk of studies on transcription have focused on the regulation of Pol II transcription, the vast majority of RNA in a cell is generated by the other polymerases. Pol I transcribes ribosomal RNA, and Pol III mediates transcription of the 5S rRNA, tRNA, 7SK, 7SL and U6 genes as well as SINE elements (MIR and Alu elements) 6 in human cells. Transcription factors IIIA (TFIIIA), TFIIIB and TFIIIC are used in various combinations for transcription of these genes. Based on the factors used during transcription, there are three types of Pol III-transcribed genes. Type 1 genes (5S rRNA) use TFIIIA, TFIIIB1 (composed of TATA box-binding protein (TBP), Bdp1 and Brf1) and TFIIIC for transcription, with TFIIIA binding specific sequences within the gene. Type 2 genes (tRNA) recruit TFIIIB1 and TFIIIC, where TFIIIC binds within the gene to two elements called the A Box and B Box and TFIIIB1 binds AT-rich sequences upstream of the gene. Type 3 genes (U6) have external promoters (proximal sequence element (PSE) and distal sequence element (DSE)); these genes recruit the factors OCT1 and TFIIIB2 (composed of TBP, Bdp1 and Brf2) and seem not to require TFIIIC 7 .
RNA Pol III distribution
Mapping Pol III subunits in different human cell types and lines led to the observation that only a fraction of the predicted Pol III genes (and some pseudogenes) are bound by the polymerase, and only 75% of the bound genes are transcribed 2,4,5 . For instance, roughly 50% of tRNA genes are occupied by Pol III in HeLa cells. This is in contrast to the situation in yeast, where almost all of the Pol III genes are occupied and transcriptionally active [8] [9] [10] .
Another notable observation is that specific Pol III genes are active in specific cell types, revealing active regulation of these genes. Whereas the majority of Pol III genes are active in all cell types analyzed, 10-26% of tRNA genes are active in one cell type versus another. This cannot be explained simply by differences in Pol III promoter architecture and likely reflects active regulation mediated by factors bound to flanking sequences 2, 4 . These data are consistent with earlier observations that Pol III-transcribed genes are subject to regulation during stress, development, differentiation and the cell cycle [11] [12] [13] .
Relationships between Pol III and Pol II transcription
Pol III binds upstream of many Pol II transcribed genes [2] [3] [4] [5] , and TFIIIC is highly overrepresented between closely spaced, divergently transcribed Pol II genes. Unexpectedly, Pol II is found upstream of many transcriptionally active Pol III genes even in Drosophila melanogaster S2 cells [2] [3] [4] [5] (Fig. 1a) . At some of the loci, Pol II activity is necessary for transcription by Pol III, consistent with previous observations that Pol II facilitates Pol III transcription at the U6 gene 14 .
Another related observation is that 20% of active tRNA genes reside within 1 kilobase of a transcription start site (TSS) of a Pol II-transcribed gene (Fig. 1b) . There are usually two tRNA genes, 600 base pairs (bp) apart, divergently oriented from the nearby Pol II gene 2, 4 . The significance of the 600-bp spacing between the two tRNA genes, and the role, if any, of these genes in Pol II gene regulation awaits further studies.
Histone modifications and Pol III transcription
Most active chromatin marks present at Pol II genes are also observed at active Pol III genes, though the precise distribution of the modifications with respect to the Pol III genes is different. Histone acetylation (acetylation of histone H3 Lys9 (H3K9ac), H3K18ac, H4K16ac), methylation (mono-, di-or trimethylation of histone H3 Lys4 (H3K4me1/2/3), H3K27me1, H4K20me1), H2A.Z and H3.3 and CpG islands are all present in the vicinity of active Pol III genes, whereas repressive marks H3K27me3 and H3K9me3 are associated with inactive Pol III genes 3, 4 . This is to be expected for the genes that reside immediately upstream of active Pol II promoters, but the genes that are not near Pol II TSSs also have histone modifications that are typically observed at Pol II-transcribed sites, and it is likely that the chromatin modifications are being targeted to these loci by transcription factors (see below) that bind in their vicinity. These data suggest that Pol III gene transcription occurs if the genes reside within an active chromatin domain, but the genes themselves do not create an active environment.
It is also possible that the Pol III machinery is recruited to poised chromatin domains and then creates additional alterations to the chromatin, enabling Pol III transcription. This would be consistent with the observation that Pol III factors either possess or recruit histone-modifying activities 15 . The active chromatin structure created by the Pol III machinery and its associated factors, in turn, might stabilize the binding of Pol II factors in the vicinity, generating a selfreinforcing mechanism that leads to stable transcription of both Pol II and Pol III genes.
Binding of transcription factors at Pol III genes
The distribution of various Pol II-and Pol IIIspecific transcription factors is also very informative. Similar to the yeast system, there is high co-occupancy between Pol III and TFIIIB factors, but this concordance is less pronounced for the TFIIIC subunits [3] [4] [5] . Brf1 and Brf2 are almost entirely mutually exclusive in their distribution, and Brf2-bound sites do not appear to recruit or require TFIIIC for their binding, suggesting that genes using Brf2 (such as U6) may be using other factors for transcription.
Almost two-thirds of tRNA genes have ETS1 or STAT1 bound in their immediate vicinity 4 , and genes that are not near Pol II promoters but contain ETS1 also bind the acetyltransferase CREB-binding protein. This suggests that ETS1 might help recruit these enzymes, aiding in Pol III transcription. Differences in the ETS1 sequences at various loci suggest that differential regulation by this factor might have a role in tissue-specific regulation of Pol III genes. In addition to ETS1 and STAT1, 'genome-wide' mapping of Myc, Fos and Jun indicates that over 75% of Pol III-transcribed genes have these factors bound within 100 bp of the TSS 2 (Fig. 1a) . It has previously been shown that, in addition to its function in Pol II transcription activation, Myc can stimulate Pol III transcription through its association with TFIIIB (see ref. 16 and references therein). Furthermore, Pol III transcription is upregulated in cancer cells due to increased binding of Myc to TFIIIB, and overexpression of a single tRNA gene has been shown to contribute to cell transformation 17 , indicating that misregulation of Pol III transcription can have significant consequences. Understanding the functional interplay between Pol II and Pol III factors will aid in a more thorough understanding of oncogenesis.
ETC sites
The vast majority of TFIIIC-bound sites are not found at Pol III-transcribed genes but are located at ETC sites [3] [4] [5] . A substantial number of ETC loci also have binding motifs for the ETS transcription factor, but the role of ETS and its relationship with TFIIIC at these sites remains unknown 5 . In budding yeast, ETC loci function as heterochromatin barriers blocking the spread of heterochromatin into surrounding euchromatin 18, 19 whereas ETC loci in fission yeast, referred to as COCs, also function as boundary elements at the matingtype locus 20, 21 . In addition, tRNA genes function as chromatin boundaries in yeast 22, 23 . In mammalian cells, the mouse B2 and human Alu short interspersed elements, which are transcribed by Pol III, have been implicated in insulator activities 24 . Whether the newly discovered ETC sites in human cells function as insulators is not known, but the strongest TFIIIC-bound loci were within 200 bp of CCCTC-binding factor (CTCF) sites, a protein required for mammalian insulation 4, 5 . Many ETC loci are present between divergently transcribed Pol II genes (Fig. 1c) , where they might function as chromatin insulators. n e w s a n d v i e w s
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